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Abstract 

Proliferation of resident glomerular cells and the accumulation 
of mesangial matrix are histologic abnormalities which are 
observed in the course of many progressive glomerular dis- 
eases* We explored the potential regulatory effects of trans- 
forming growth factor-0 (TGF-0) on these processes. We 
found that cultured mouse glomerular endothelial, mesangial, 
and epithelial cells as well as isolated intact rat glomeruli pos- 
sess high-affinity receptors for TGF-0. We also found that, 
although TGF-0 consistently inhibited the proliferation of glo- 
merular endothelial and epithelial cells, it acted as a Afunc- 
tional regulator of mesangial cell proliferation. TGF-0 signifi- 
cantly increased the production of collagen and fibronectin by 
glomerular mesangial cells whereas only fibronectin produc- 
tion was augmented in glomerular epithelial cells. The pres- 
ence of TGF-0 receptors on intact glomeruli and on each glo- 
merular cell type and the demonstrated responsiveness of these 
cells to TGF-0 combine to suggest that potentially important 
interactions may occur between resident glomerular cells and 
TGF-0 in vivo. 



Introduction 

Proliferation of resident glomerular cells and/or the accumu- 
lation of mesangial matrix constitute the first discernable glo- 
merular morphologic abnormalities in several different renal 
diseases (1-6). This suggests that dysregulation of factors that 
control glomerular cell proliferation and mesangial matrix ac- 
cumulation may play an early and perhaps critical role in the 
cascade of events leading to a loss of glomerular structural and 
functional integrity. Recently, several investigators have used 
cultured-giomerular cells to define the responses of individual 
glomerular cell types to potential regulatory or pathogenic 
stimuli. These studies demonstrated that mesangial cells ex- 
hibit a proliferative response to platelet-derived growth factor 
(PDGF) 1 (7), epidermal growth factor (EGF) (8), insulin 
growth factor I (1GF-1) (9). and interieukin 1 (10), and that 
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heparin species exhibit a negative effect on mesangial cell pro- 
liferation ( 1 1 , 12). 

One potentially important modulator of glomerular cdl 
function whose effects on resident glomerular cells remain un- 
explored is transforming growth factor-jS (TGF-0). The TGFs 
were originally denned as peptides that reversibly confer the 
transformed phenorype on cultured fibroblasts. Isolation and i 
purification of one of the TGFs, TGF-0, revealed it to be i :i 
disulfide-linked homodimer of 25,000 mol wt that is present in 
several normal and neoplastic tissues (13). The highest con- 
centration of TGF-0 is found in platelets which release it dur- 
ing degranulation (14). This peptide has potent effects on the 
proliferation and differentiation of a variety of cell types as 
well as on synthesis of extracellular matrix components. Gen- 
erally TGF-0 has been found to inhibit the proliferation of 
cultured cells; however, it may also art as a proliferative stimu- 
lus to some of the same cell types under different culture con- 
ditions (15, 16). TGF-0 also acts as a Afunctional regulator of 
differentiation in that it stimulates the differentiation of nor- |jgr 
mal human bronchial epithelial cells (17) but inhibits the dif- 
ferentiation of myoblasts (18). In addition, TGF-0 increases tfjg 
the synthesis of collagen by fibroblasts (19) and osteoblasts » r 
(20) and increases fibronectin synthesis in a variety of normal |S| 
and transformed cell types (21). The effects of.TGF-0 on 6- jj| 
bronectin synthesis appear to be somewhat dependent on cell *g 
type inasmuch as no increase in fibronectin synthesis was « 
noted in aortic smooth muscle cells exposed to TGF-0 ( 1 I. 

Since TGF-0 is present in normal kidney (22) and since ^ 
platelet and platelet antigens have been found within the glo- ; 
merulus in a number of renal diseases (23-25), it is likely that y 
glomerular cells are exposed to TGF-0. In these studies we jz. 
demonstrate the presence of high-affinity TGF-0 receptors on 
cultured mouse glomerular endothelial, mesangial. and epithc- rf 
lial cells as well as on isolated rat glomeruli. In addition, the t 
effects of TGF-0 on glomerular cell proliferation and on the 
production of collagen and fibronectin synthesized by mesan- 
gial and epithelial cells are described. 



Methods 

Isolation and identification of mouse glomerular cells. Glomerular en- 
dothelial mesangial. and epithelial cells were cultured from glomeruli 
isolated from normal 4-wk-old mice (C57BI/6J x SJL/J) using tech- 
niques previously described (26). Pure populations of cells were ob- 
tained using the techniques of dilute plating and patch cloning, endo- 
thelial and mesangial cells were maintained in basal medium suppie- 
mented with 20% FBS. Basal medium consisted of a 3:1 mixture o. 
MEM/F12 modified with trace elements as described (26). to wmch 
gluuminc. penicillin, and streptomycin were added. Epithelial eel * 
were maintained in basal medium supplemented with 2% FBS- Cells 
were subcultured two to three limes weekly at a 1:4 split ratio. Al 
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;-uh - ""^Jshcs and fias*> were coated with ;i thin layer of 200 Mg/rnl 
human hbronectin (Cooperative Research. Inc.. Lexington. MA J. All 
experiments were performed on eclh between passages 8 and 20. Cul- 
ture mfo Oology and bomogenarr were preserved at all p a ss ag rs 
tested. Results were verified on a second independently isolated popu- 
lation of each cell type and were qualitatively identical and quantita- 
tively similar. 

Identification of ceils Immunofluorescence staining was performed 
as described (26). immonofluorescenoe staining for PHM5 (Bioscience 
Products AG. Emmcnbrucke, Switzerland) was performed on ceils 
axed with paraformaldehyde at 4*C for 20 min. Cells were incubated 
with normal goat serum for 20 min followed by an incubation with a 
1:3 dilution of PHM3 (27). Cells were then washed with phosphate- 
buffered saline incubated with biotin-oonjugated goat anti- mouse lgG 
(Tago Inc., Burlingamc CA) washed, incubated with rTTC-coojugaied 
streptavidin (Zymed. San Francisco, CA) washed, mounted, and ex- 
amined. 

Assays for alkaline phosphatase and 7-gluumyl-tianspeptidase 
were performed on subconfluent cultures of glomerular epithelial cells 
as described (26). LLC-PK1 cells (ATCC CRL 1392) served as a posi- 
tive control. Cells were evaluated for the uptake of acetylatcd LDL as 
described (28. 29). 

Binding assay for ceils. Binding of '"Mabeled TGF-0 to near-con- 
fluent monolayers of individual glomerular cell types was determined 
as described (30, 31). For these assays 5-7 X 10* cells were plated per 
well in 24-well cluster plates in basal medium supplemented with 10% 
FBS for endothelial and mesangial cells and 2% FBS for epithelial cells. 
Purified TGF-0 was isolated from human platelets and iodinated as 
described (30). 

The decrease in TCA precipitability of the labeled ligand after the 
2-h incubation with the monolayers was ^ 4%. Values for free and 
bound radioactivity were determined on duplicate wells which typi- 
cally differed by * 7%. 

For displacement experiments, total and nonspecific binding were 
allowed to reach equilibrium during a 90-min incubation at 22°C 
Labeled ligand was added at a concentration of 50 pM. Nonspecific 
binding was determined in wells containing a 100-fold excess of unla- 
beled ligand. After the 90-min incubation (time zero) binding media 
were removed, the were washed twice with fresh binding medium, 
and the medium was replaced with binding medium containing 5 nM 
unlabeled TGF-0. Displacement was determined as the decrement in 
specifically bound counts over time compared to the amount of spe- 
cific binding present at time zero. 80% of the displaced counts were 
precipitable with TCA after a 3-h displacement period. 

Binding assay on intact glomeruli. Female Sprague-Dawiey rats 
weighing approximately 250 g were anesthetized with a subcutaneous 
injection of Innovar-Vet (Pitman-Moore Inc., Washington Crossing, 
NJ). Glomeruli were isolated (using 190- and 74->im sieves from E-C 
Apparatus Corp., Sl Petersburg. FL) from kidneys which had been 
flushed free of blood with binding buffer. Isolated glomeruli were in- 
cubated with constant rotation in binding buffer for I h at 37°C 
Glomerular number and purity were determined by counting three 
separate 2-ml aliquots of this glomerular suspension using a scored 
counting chamber under phase contrast microscopy. Counts consis- 
tently differed by s; 15%. Glomerular preparations were 90-95% pure 
and contained over 90% decapsulated glomeruli. Aliquots containing 
1 50 glomeruli were centrifuged (25 g for I min). Medium was replaced 
with 0.5 ml of binding buffer containing varying amounts of l2J l- 
labeled TGF-0 with or without 10 nM unlabeled TGF-0. After a 2-h 
incubation with constant rotation at room temperature the glomeruli 
were briefly centrifuged, the media removed, the glomeruli washed 
four times in wash buffer and the glomerular pellet was counted in a 
gamma counter. The binding media and the first wash were pooled and 
counted to determine the free ligand concentration. 

TCA precipitability of the labeled ligand incubated with glomeruli 
decreased by * 2% during the assay. Values for free and bound radio- 
activity were determined on duplicate samples. These values typically 




cL"crcd b> 1, ni ^1 imc course and displacement assay* tor glomerular 
binding were performed as described above. 

tjkrt of T'-F-ri on FBS stimulated pfamcrular cvi: proliferation. 
On day zero*' JO* cells were plated in each well of 2 4- well cluster 
plates in basai atc^Ijm supplemented with 2% FBS. After 6-8 h of 
incubation TGF-0 was added to the wells at the indicated concentra- 
tions. Cfl'y in three to four replicate wells were txypsinusd and counted 
using an ELZONE* electronic particle counter (Panicle Data lnc~, 
Elrohurst, IL). 

Thymidine incorporation assays. Cells were plated at 2.5-5 X 10* 
per well in 24-well plates in medium containing 10% (endothelial and 
mesangial cells) or 2% FBS (epithelial cells). At 24 h cells were washed 
and the medium changed to scrum-free medium. This medium was 
replaced every 24 h until no increase in cell number over 24 h was 
noted (this required 36 h for epithelial cells, and 72 h for mes a n gi a l and 
endothelial cells). Longer periods of serum starvation resulted in loss of 
cell viability. This resulted in basal [ J H)tbymidine incorporation of 
5.000-10.000 cpm during the 12-h labeling period. FBS or ligands 
(EGF, IGF-1 (AMGen Btologjcals, Thousand Oaks, CAJ, or partially 
purified PDGF [Collaborative Research, Bedford, MA) were added in 
fresh scrum-free medium containing 0.1% BSA and incubation con- 
tinued for 10 h after which 1 *Ci per well of [ J H)thymidine (Araer- 
shain Corp., Arlington Heights, IL) was added. After an additional 
1 2-h incubation the monolayers were washed with PBS, precipitated 
and washed twice with 1 0% TCA, and then solubilized in 1 .0 N NaOH. 
The contents of each well and one PBS wash were neutralized with HQ 
and counted in a liquid scintillation counter. Results are expressed as 
the mean of duplicate determinations. Duplicates consistently differed 
by * 10%. 

Density-dependent proliferation of ceils in response to TGF-0. 2, 4, 
6, 8. or 10 X 10* cells were plated in two 24-well cluster plates in basal 
medium supplemented with 2% FBS. 8 h later TGF-0 was added to a 
final concentration of 10 pM to one of the plates. Cell number in 
triplicate or quadruplicate wells was determined after 36 h as described 
above. 

Collagen production. Mesangial cells were plated at 2 X 1 0 1 cells per 
well in six-well cluster plates in basal medium supplemented with 10% 
FBS. After 24 h the cells were washed with basal medium and incu«. 
bated in basal medium with 0.2% FBS. After 12 h medium was again 
changed to fresh medium containing 0.2% FBS to which varying con- 
centrations ofTGF-0 was added. After an additional 12 h medium was* 
changed to proline-frec medium with 0.2% FBS, the indicated amount 
of TGF-0, 25 mM ascorbic acid (Sigma Chemical Co., St. Louis, MO),- 
and 5 uCi of L-(2,3- J H]proline (Amersham Corp.). After 5 h the me- 
dium and cells were harvested and assessed for collagen production as 
described (20, 32) using chromatographically purified bacterial collar 
genase (Advance Biofactures, Lynbrook, NY). Collagen production 
was determined on medium and monolayers collected from triplicate 
wells which were processed separately. Cell number was determined on 
duplicate wells at each TGF-0 concentration tested. Monolayers con- 
tained < 10% of total collagenase sensitive protein and exhibited no 
change in response to TGF-0. 

Collagen production in near confluent cultures of glomerular epi- 
thelial cells was assessed as described for mesangial cells except that the 
epithelial cells were plated in 2% rather than 10% FBS. 

Fibroneain synthesis. Cells were plated and medium changes per- 
formed as described for collagen production assays. After 12 h of 
incubation with different concentrations of TGF-0. the medium was 
changed to cysteine-free medium containing 0.2% FBS. the indicated 
amount of TGF-0. and 20 uCi of ["SJcysteine (Amersham Corp.). The 
cells were labeled for 3 h, after which the medium and cell layers were 
processed as described (21) except that rabbit anti-mouse fibronectin 
(Biomedical Technologies, Inc., Stoughton. MA) was used for the im- 
munoprecipitation studies. Cell counts were determined on duplicate 
wells at each concentration of TGF-0. The concentration of medium 
and cell lysates was adjusted for cell counts before immunoprecipita- 
tion was performed. 
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Figure I. (A) TGF-0 binding to mesangial cells as a function of free ligand concentration. (■) Specific binding is the difference between the (□) 
total and (0) nonspecific binding. Nonspecific binding was determined in the presence of 10 nM unlabeled TGF-0. Each point is the mean of 
two exterminations that generally differed by * 7*. (A') Scaichard plot ofTGF-0 binding to mesangial cells. (B) Time and temperature dc;jn>- 
dence of TGF-0 binding to glomerular mesangial ceils. Percentage of maximal specific binding at (n) 22*C and (□) 4°C are expressed as a func- 
tion of time after addition of the labeled ligand. '^-labeled TGF-0 was added at a concentration of 50 pM to all wells. Nonspecific binding was 
determined in the presence of a 100-fold excess of unlabeled ligand. Similar results were obtained for glomerular endothelial and epithelial cells. 



Results 

Identification of glomerular cells. Each glomerular cell type 
was identified by a combination of several characteristic fea- 
tures. Glomerular endothelial cells grew as a monolayer of 
cobblestone appearing cells at confluence. By immunofluores- 
cence staining all cells were positive for factor VHl-related 
antigen and negative for cytokeratin, had a distribution of 
actin about the cell periphery, and displayed uptake of acety- 
lated LDL. Glomerular mesangial cells had elongated cell pro- 
cesses at subconfluence and appeared as elongated cells aligned 
in parallel arrays at confluence. The cells did not stain for 
factor Mil-related antigen or cytokeratin, did not evidence 
uptake of acetylated LDL. and were able to grow in medium 
containing i> rather than L-valine. These cells had actin fila- 
ments running parallel to the long axis of the cell. Epithelial 
cells grew in patches of cobblestone-appearing cells at subcon- 
fluence which coalesced at confluence. The cells did not stain 
for factor Vlll-related antigen and had a peripheral distribu- 
uon of actin filaments. Epithelial cells, unlike endothelial and 
mesangial cells, stained with anti-cytokeratin antibody in 
what appeared jo be a cell cycle-dependent manner. Cells that 
stained for cytokeratin appeared to cither be in the process of 
or to have just completed cell division. All epithelial cells also 
stained with a monoclonal antibody directed against a human 
visceral glomerular epithelial cell sialoprotcin which shares 
properties with rat podocalyxin (27). Contamination of glo- 
merular epithelial cells by proximal tubular cells was further 
excluded by their lack of alkaline phosphatase or gamma glu- 
tamyl transpeptidase activity (activity expected in proximal 
tubular cells) in histochemical assays (26). 

TGF-0 binding studies. High-affinity receptors for TGF-0 
were present on all three glomerular cell types. A representa- 
tive binding curve and Scaichard analysis are shown for glo- 
merular mesangial cells in Fig. 1 A. Similar binding curves 
were found for glomerular endothelial and epithelial cells. The 
results of Scaichard analysis for glomerular endothelial, mes- 
angial. and epithelial binding studies arc provided in Table I. 
Each glomerular cell type possessed TGF-0 receptors of similar 



number and affinity. TGF-0 binding to glomerular cells was 
time and temperature dependent as shown for mesangial cells 
in Fig. 1 B. Similar results were obtained for glomerular endo- 
thelial and epithelial cells. 

Specifically bound TGF-0 could be displaced from glo- 
merular cells by addition of an excess of unlabeled ligand. For 
each glomerular cell type — 50% of specifically bound ligand 
at equilibrium could be displaced during a 3-h incubation with 
a 100-fold excess of unlabeled ligand. 80% of the displaced 
counts were prccipitable with TCA at the end of the 3-h incu- 
bation. 

Freshly isolated rat glomeruli were assayed to determine 
whether TGF-0 receptors were also present in vivo. Rai glo- 
meruli were used instead of mouse so as to obtain a glomerular 
preparation containing a minimal amount of contaminating 
tubular fragments. Binding curves and Scatchard analysis for 
rat glomerular TGF-0 binding are presented in Fig. 2 A. 
TGF-0 binding to glomeruli was lime dependent as shown in 
Fig. 2 B. TGF-0 binding to glomeruli at 4°C gave erratic re- 
sults, perhaps because of impaired diffusion within the glo- 
meruli at this temperature. After binding equilibrium was 
reached 75% of the specifically bound TGF-0 could be dis- 
placed by the addition of a 100-fold excess of unlabeled ligand 



Table I. Properties ofTGF-$ Receptors 
on Isolated Glomerular Cells 



Ceil type 


Kg 


/i/cell 






pM 






Endothelial 


5 


3.700 




Mesangial 


5 


3.900 




Epithelial 


9 


9.900 





Results are expressed as means of two separate experiments. A' d dif- 
fered by I pM or less in replicate experiments. Number of receptors 
per cell differed by s 15% in replicate experiments. 
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Figure 2. (A) TGF-0 binding to rat glomeruli as a function of free ligand concentration, (a) Specific binding is ihc difference between (□) total 
and (0) nonspecific binding. E ach point is the mean of two determinations that generally differed by s 7%. {A') Scatchard plot of TGF-0 bind- 
ing to rat glomeruli. {B) Time course of TGF-0 binding to rat glomeruli- Each point represents the percentage of maximal specific binding. Ex- 
periments were performed at 22 9 C with 50 pM ,25 !-labded TGF-0 with or without 100-fold excess of unlabeled ligand. 



during a 3-h displacement period. 90% of the displaced counts 
could be precipitated with TCA. 

Effects ofTGF-fi on glomerular cell proliferation. The effect 
of TGF-0 on the proliferation of glomerular cells stimulated by 
2% FBS is shown in Fig. 3. TGF-0 inhibited the proliferation 
of glomerular endothelial, mesangial, and epithelial cells. 
Maximum inhibition was present at a concentration of 10 pM 
TGF-0 in all cell types. The inhibition of proliferation was not 
a reflection of impairment of plating efficiency induced by 
TGF-0 since cell counts on day 1, 12 h after addition of 
TGF-0, were not different between wells with or without 
TGF-0. 

To determine the interaction of TGF-/3 with other mito- 
gens, [ 3 H]thymidine incorporation was examined in subcon- 
fluent serum-starved cells stimulated by EGF, 1GF-I, or 
PDGF. As shown in Fig. 4, TGF-0 inhibited the increase in 
[ 3 H]thymidine incorporation induced by EGF, IGF-I, and 
PDGF in all three glomerular cell types. 

The proliferative response of glomerular mesangial cells to 
TGF-0 was more complex than that for glomerular endothelial 
and epithelial cells. During the course of the collagen synthesis 
experiments described below we consistently observed that 
mesangial cells at confluence or near confluence proliferated 
in response to the addition of TGF-0. As shown in Fig. 5, 
proliferation of mesangial cells plated at low density (as they 
were for the experiments described above) was inhibited by the 
addition of TGF-0 while cells at higher density exhibited a 
proliferative response to TGF-0. Neither glomerular endothe- 
lial nor glomerular epithelial cells evidenced a proliferative 
response to TGF-0 when tested under identical conditions. 

TGF-0 induced a morphologic change in serum-depleted 
mesangial cells. Mesangial. cells characteristically have an 
elongated, spindle shape when grown with high concentrations 
of serum. At low serum concentrations (< 5% FBS) they as- 
sumed a more cuboidal morphology. The addition of TGF-0 
to these cells resulted in the prompt (< 12 h) return to the 
typical elongated mesangial cell morphology (Fig. 6). This 
morphologic alteration was noted in both sparse and near 
confluent cells. 

Effects of TGF-P on glomerular collagen and fibronectin 
production. Along with its effects on proliferation and mor- 



phology, TGF-0 increased the production of collagen and fi- 
bronectin synthesized by glomerular mesangial cells. The ad- 
dition of TGF-0 resulted in a twofold increase in the amount 
of collagenase sensitive protein in the medium of mesangial 
cells (Table II). TGF-0 also significantly increased the produc- 
tion of fibronectin by mesangial cells (Fig. 7). TGF-0 failed to 
augment collagen production by glomerular epithelial cells but 
did cause a substantial increase in epithelial cell fibronectin 
production (Fig. 8). 

Discussion 

The present study reports the presence of receptors for TGF-0 v 
on intact glomeruli and on isolated glomerular endothelial, 
mesangial. and epithelial cells. The effects of TGF-0 on glo- * 
merular cell proliferation and extracellular matrix production 
were also explored. 

We found that cultured mouse glomerular endothelial, 
mesangial, and epithelial cells possess TGF-0 receptors of sim- { 
ilar high affinity (K^ = 5,5,9 pM, respectively). Furthermore, 
high-affinity TGF-/S receptors were also demonstrated on iso- 
lated rat glomeruli. The receptors on intact glomeruli were of 
somewhat lower affinity than those of cultured mouse cells (K* 
- 20, 24. 37 pM in three separate experiments). 

The significance of the finding of TGF-/3 receptors on glo- 
meruli was that, heretofore. TGF-0 receptors have only been 
demonstrated on isolated cells. The presence of TGF-0 recep- 
tors on glomeruli adds significant support to the hypothesis 
that TGF-0 is a potent modulator of cell behavior in vivo as 
well as in vitro. Further studies will be required to determine 
whether the differences in TGF-0 receptor affinity in cultured 
glomerular cells and isolated glomeruli reflect species differ- 
ences or alterations in TGF-0 receptor affinity in the cultured 
cells. 

Since proliferation of resident glomerular cells and accu- 
mulation of mesangial matrix material are prominent histo- 
logic findings in several progressive glomerular diseases (1-6), 
these studies focused on the effects of TGF-0 on these pro- 
cesses. TGF-0 consistently inhibited the proliferation of glo- 
merular endothelial and epithelial cells. TGF-0 inhibited 
serum stimulated proliferation of sparse and densely plated 
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Figure 3. Effect of TGF-0 on proliferation of glomerular cells. Cells 
were plated in basal medium supplemented with 2% FBS on day 0. 
Mi h later TGF-0 was added at a concentration of (■) 0, (♦) I, (*) 
10, or (□) 100 pM. Cells counts are the mean of triplicate or quadru- 
plicate determinations, which differed by < 10%. The final difference 
in cell number between cells with and without 10 pM TGF-0 was 
statistically significant (P < 0.05) for all cell types as determined by 
unpaired / test. 



endothelial and epithelial cells and diminished or abolished 
the stimulation of DNA synthesis induced by EGF. IGF-I, and 
PDGF. 

The effects of TGF-fi on mesangial cells were complex. 
TGF-0 acted as a bifunctional regulator of mesangial cell pro- 
liferation. In sparsely plated cells TGF-0 diminished or ablated 
the proliferative response of mesangial cells to FBS, EGF, 
IGF-I, and partially purified PDGF. However, TGF-0 stimu- 
lated the proliferation of more densely plated mesangial cells. 
In addition, TGF-0 increased the production of both collagen 
and fibronectin in mesangial cell culture medium and in- 
creased the production of fibronectin by glomerular epithelial 
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Figure 4. Effect of 10 pM TGF-0 
on [ i H]thymidine incorporation 
in subconfluent serum-starved, 
cells stimulated with 2% FBS, 30 
ng/ml EGF, 20 ng/ml IGF-I, or 2 
half-maximal U/ml partially puri- 
fied PDGF. Basal incorporation 
. was defined as that which oc- 
curred during the 12-h labeling 
period in cells incubated in me- 
dium containing only 0.1% BSA. 
The open bar on the left of each 
graph indicates the decrease in 
basal counts in cells incubated in 
the presence of 0.1% BSA and 10 
pM TGF-0. The pair of bars 
above each indicated ligand repre- 
sent the fold increase in basal 
counts induced by the ligand with 
(open bars) or without {hatched 
bars) 10 pM TGF-0. Each bar rep- 
resents the mean of duplicate de- 
terminations which differed by 
< 10%. 



Figure 5. Density-dependent pro- 
liferation of mesangial cells in re- 
sponse to TGF-0. Cells were 
plated as described and TGF-0 
was added 8 h later. After a 36-h 
incubation in the presence or ab- 
sence of TGF-& cell number was 
determined by trypsin izing and 
counting the contents of each 
well. The cell count in each 
TGF-0 treated well was compared 
with the count determined in the 
identical well of the non-TGF-^- 
treated plate. Data are expressed 
as the mean±SEM of triplicate or 
quadruplicate determinations. By 
unpaired / test P < 0.05 for cells 
plated at 2 and 10 X 107well. 
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Figure 6. Alterations in mesangial ceil morphology in 
response to TGF-0. Mesangial cells were plated and 
medium changes performed as described for the colla- 
gen production assay in Methods. I A) Cells incubated 
without TGF-0. (B) Cells incubated who 10 pM TGF-0. 



•ells. We also found that TGF-0 restored the elongated mor- 
phology considered typical of cultured mesangial cells. This 
morphologic alteration and the density-dependent effects on 
mesangial cell proliferation are analogous to results obtained 
m aortic smooth muscle cells exposed to TGF-0 (16). 

TGF-jS could be provided to the glomerulus in vivo from a 
lumber of sources. One likely source is platelets which release 
TGF-/9 during degranulauon (14). Platelets are a particularly 
nch source of TGF-0 as they contain approximately 100-fold 
more TGF-0 than other cells or tissues examined to date. A 
number of factors combine to indicate a role of platelets or 
Dlatelet products in the pathogenesis or glomerular lesions. 
Platelets, platelet antigens, or platelet-derived inflammatory 
products have been identified within the glomerulus in both 
immune and nonimmune mediated glomerular diseases 
23-25). In addition, agents expected to decrease glomerular 
deposition of platelets and platelet aggregation have been 
>hown to have a beneficial effect on the progression of the 
Jomerulosclerosis observed in animals subjected to partial 
nephrectomy (33-35) and in patients with membranoprolifer- 



Table II. Effect of TGF-0 on Mesangial 
Cell Collagen Accumulation 



TGF-0 


Non-col lagen 
protein 


Colkatcnase-seniiiivc proiein 


pSt 


cpm x JO" 1 / JO* ceth 


cpm x WHO* cells 


0 


2.8 


6.0 




(0.30) 


(2.98) 


10 


3.2 


12.1 




(0.34) 


(3.85) 


50 


3.9 


13.4 




(0.42) 


(3.85) 


100 


3.7 


12.8- 




(0.45) 


(3.74) 



Results are expressed as the mean and (standard deviation) of nine 
determinations assessed in three separate experiments in which tripli- 
cate wells at each concentration were processed separately. Using the 
unpaired / test for non-collagen protein 0 vs. 10 pM. P = 0.02; for 0 
vs. 50 and 100 pM. P < 0.0001. For coltogcnasc-scnsitivc protein. P 
< 0.001 for 0 vs. 10. 50. and 100 pM TGF-0. 



ative glomerulonephritis (36). Activated macrophages (37) and 
lymphocytes (38) represent other potential sources of TGF-0 
within the glomerulus. The presence of TGF-0 receptors on 
each glomerular cell type and on isolated glomeruli, the multi- 
ple potential sources of TGF-0 within the glomerulus, and the 
demonstrated responsiveness of cultured glomerular cells to 
TGF-/S combine to suggest that potentially important interac- 
tions may occur between resident glomerular cells and TGF-0 
in vivo. The nature of these in vivo interactions is difficult to 
precisely define since a cell's response to TGF-0 may be deter- 
mined in large measure by ambient conditions. In vivo studies 
will be necessary to clarify the reactions of resident glomerular 
cells to TGF-0 under normal and pathologic circumstances. 
These results indicate, however, that TGF-0 may play a sutn* 
stantive role in the regulation of processes which appear criti- 
cal to the initiation of progressive glomerular diseases, i.e.,r 
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Figure 7. Effect of TGF-0 on accumulation of ftbroncctin synthe- 
sized bv glomerular mesangial cells. Medium {A. B) and monolayers 
(C D) were prepared as described in Methods. Cultures were incu- 
bated with (+) or without (-) 50 pM TCF-0. Preparations were pre- 
cipitated cither with gelatin sepharosc {A, C) or with anti-fibronectm 
antibody followed by protein A sepharosc {B. D). 
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Figure 8. Effect of TGF-0 on produc- 
tion of fibroncctin by glomerular epi- 
thelial cells. Cultures were incubated 
with (+) or without <-) 50 pM 
TGF-0. Preparations from the ceil 
monolayer were precipitated either 
with gelatin sepharose {A) or with 
anti-fibronectin antibody followed by 
protein A sepharose (B). Minimal 
amounts of nbronectin were detected 
in the culture medium. 



proliferation of mesangial cells and accumulation of mesangiaJ 
matrix. 
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